The relationship of natural flesh darkening to polyphenoloxidase (PPO) activity was investigated in several Japanese persimmon cultivars that had different intensities of flesh darkening during their fruit development. Flesh darkening in the fruits was found to be closely associated with PPO activity. That is, the initiation of flesh darkening was observed when PPO activity began to increase in the cultivars that had darkened flesh; however, no increase in PPO activity was seen in the cultivars that had non-darkened flesh. Ethanol treatment on the tree to intact pollination-variant type fruits when they were immature and still astringent somewhat accelarated both the increase in PPO activity and the initiation of flesh darkening. These results indicate that natural flesh darkening in Japanese persimmon fruits is partly due to the increase in PPO activity in the flesh, and ethanol treatment on the tree induces the early increase in PPO activity, which in turn initiates the flesh darkening.
On the basis of the classification by HUME1), it is thought reasonable that Japanese persimmons (Diospyros kaki Thunb.) can be classified into the following 4 groups; i) pollinationconstant and nonastringent (PCNA), ii) pollination-constant and astringent (PCA), iii) pollination-variant and nonastringent (PVNA), iv) pollination-variant and astringent (PVA). The authors have studied the mechanisms for removing astringency from the point of view of these groups2)3). In pollination-variant groups (PVNA and PVA), the seeded fruits lose astringency gradually during their fruit development due to volatile compounds such as ethanol and acetaldehyde, which are produced in their seeds. The flesh around seeds becomes nonastringent and then turns brown. Flesh darkening in PVNA fruits which have more than several seeds spreads throughout the entire flesh when the fruits become nonastringent and mature.
In contrast, no flesh darkening is observed in PCA cultivars (even if they are seeded and reached full maturity), and flesh darkening in many of PCNA cultivars is rather weak and slight.
In a previous paper3), the effect of ethanol treatment on the tree on flesh darkening and polyphenoloxidase (PPO) (E.C. 1.10.3.1) activity in cv. 'Hiratanenashi'
(parthenocarpic one in PVA group) was investigated.
It was estab- lished that there was a close relationship between the increase in PPO activity and the initiation of flesh darkening. This paper reports our studies on the relationships between natural flesh darkening and PPO activity in several Japanese persimmon cultivars that had different intensities of the flesh darkening, and the effect of ethanol treatment on the tree to immature PVNA fruits on flesh darkening and PPO activity.
Materials and Methods
Seasonal changes of PPO activity in the flesh, and the degree of flesh darkening were determined from July to October in 1983, with following 4 cultivars. 'Fuyu (PCNA)': having rather darker flesh than other PCNA cultivars., 'Sangokuichi (PVNA)': normally having more than several seeds and flesh darkening spreads entire flesh (becoming very dark flesh)., ' Yotsuyasaijo (PCA)' and 'Hagakushi (PCA)': these 2 cultivars show no flesh darkening even if they are seeded and reached full maturity. Fruits were picked from mature trees growing in the orchard of Kyoto University.
The following score of flesh darkening was used: 0= no darkening, 1= very slight darkening, 2= slight darkening, 3= moderate darkening, 4= having dark flesh, 5= having very dark flesh.
PPO activity was measured colorimetrically using 4-methylcathechol as a substrate by the method of SHIROYA et al4 0.03mm thickness) which contained 10ml of 10 % ethanol solution.
Results and Discussion
It is generally noted that PPO mediates browning reaction in many kinds of postharvest fruits and vegetables.
However there are only a few studies on PPO in developing fruits, including those dealing with peach6) and apple7) etc. Relationships between natural flesh darkening and PPO activity in developing persimmon fruits have been largely unstudied.
In 'Fuyu (PCNA)' PPO activity increased rapidly from mid August when flesh darkening became visible ('Fuyu' has rather darker flesh than other PCNA cultivars.) (Fig. 1) . PPO activity in 'Sangokuichi (PVNA)' increased rapidly from the end of July coincident with initial appearence of flesh darkening.
It then declined, but again increased sharply in mid September (Fig. 1) . This fact seemed to indicate that there were two phases in flesh darkening in 'Sangokuichi' fruits.
In two cultivars in PCA group ('Yotsuyasaijo'
and 'Hagakushi'), PPO activity remained at a relatively low level during their fruit development, and no flesh darkening was observed until full maturity (Fig. 1) .
The protein contents of crude enzyme preparations of the above 4 cultivars changed in approximately the same pattern (Fig. 2) . It decreased till mid August and then increased gradually from August to October when the fruits reached full maturity.
It is not clear why the protein content of crude enzyme solutions increased after the middle stage of fruit development.
This data, however, seems to suggest that total PPO activity on the fresh weight basis at least did not decline from mid August in 'Fuyu' and 'Sangokuichi' (Fig. 1, 2 ), because the yields of acetone powder from the flesh of every cultivars rather increased during fruit development (Data is not shown).
On-tree treatments of ethanol were made to intact fruits of 'Sangokuichi (PVNA)' when they were immature and still astringent (late July). Fig. 3 shows the effects of this treatment on flesh darkening, PPO activity ( Fig. 3-a) and protein content of crude enzyme preparation (Fig. 3-b) . Both PPO activity and protein content increased earlier and, to some extent, to higher levels in treated fruits than in control ones, and the initiation of flesh darkening in treated fruits was also somewhat earlier than in control fruits.
Quite the same result was observed with 'Mizushima (PVNA)' fruits (It has almost the same characteristics in flesh darkening with 'Sangokuichi' fruits. Data is not shown.). Flesh darkening seemed to proceed because that ethanol treatment on the tree induced rapid removal of astringency, and also accelarated polymerization of tannins and the increase in PPO activity.
These results support our previous propositions that i) natural flesh darkening that is mainly seen in PV (pollination-variant) cultivars is partly due to increase in PPO activity in the flesh, and that ii) ethanol treatment on the tree induces rapid polymerization of tannins and accelarates the flesh darkening through an increase in PPO activity.
